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Treatment of Type I diabetes mellitus 
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Diabetes meiiitus is a chronic metabolic disorder, which Is brought about by either Insulin 
deficiency or insulin resistance. Diabetes mellitus is a disease characterised by physiologic 
^V-f • " " and anatomic abnormalities in many organs, due to vascular abnormalities. However, tho 
most prominent feature of the disease is disturbed glucose metabolism, resulting in 
hyperglycemia. Diabetes mellitus is usually divided into two major categories:, 
intmlin-dcpendcnt diabetes mellitus (Type I diabetes), which usually develops in childhood 
or adolescence and these patients are prone to ketosis and acidosis. The second category of 
patients (Type II diabetes) are not insulin dependent and usually manage with diet and oral 
hypoglycaemic therapy. The annual incidence of Type I diabetes ranges from 10 
\ : • . cases/1 00000 persons for aon-wMte jnalea to 1 6 cases/1 00000 persons for white males in 

■%V\» v -r> t the United States, With equal incidence between males and females. The prevalence of 

• <*•'••• 

• Type I diabetes for all ages in the United States population is 160 cases/100000 persons, 
S*fe*v. ' with a slightly earlier onset for females with peak age of onset at 10-12 years than for 

** 

• ': " . • moles with peak age of onset at IS years. Genetic background plays a major role in the 
jfifrv'"* ' ** ■ 

v m . t ■■ development of ihc disease, with 40% concordance for Typo I diabetes exhibited by 

identical twins and increased incidence among femily members- Qenes associated with 

increased susceptibility to Type 1 diabetes reside near die major histocompatibility complex 

on chromosome 6, with more than 90% of persons with Type I diabetes featuring DR3 or 

DR4 haplotypes or both. Likewise, siblings sharing DR3 or DR4 haplotypes from both 

^y-r /«. /: • . parents mine often than random-develop Type I diflhetes- 

ivy.'.'." 



Wh'-'O'-' '■ • O 

* ■ The onset of symptoms In Type I diabetes is usually acute and frequently follows an 

j^Viji .,' • • antecedent vital infection which might be die trigger to a process leading to destruction of 

''• •" '• the beta cells secondary to auto immune insditis. When beta, eell destruction reaches the 

^§4'V-.-,. cmicaf point, the patienfs reduced insulin levels lead to hyperglycaeraia with the typical 

fa$$k\ •"• • • • symptomatology of Type I diabetes. At diagnosis approximately 70% of patients with Type 

m/fif' : " ,v -. • ' i diabetes have antibodies to islet cell cytoplasm i.e. antigens or to components of the islet ' 

%Siv • surface. Approximately 1 5% uf patirats wilh Typs I diabetes may also show other auto 

l&ffi 7 ' imn^une reatiires, such as hypo&yroidism* Graves' disease 5 Addison's disease, myasthenia 

y&"'#!-.'.-7 • gravis and penucioua anaemia . Autopsies of cases with Type I diabetes show a typieal 
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lymphocytic infiltration in the pancreatic islets . 



Treatment of Type I diabetes at present is not satisfactory and the disease leads to serious 
life-thft*ateiitng complications that can bo only pardy overcome with adequate control of 
fe:-:'/ : insulin levels, which is usually difficult to accomplish in patients with juvenile onset. Fn 
£v?'^'-- addition to the acute diabetic syndrome* chronic manifestations lead to severe 
-/fir 7 arteriosclerosis with microadenopathy affecting the eye with possible early blindness. One 

£/. " \ ^ 20 of all Type' r diabetes patients becomes blind; about 40% of Type I diabetes develop 
' renal feilurc. resulting in chronic hemodialisis and/or the need for renal transplantation 
v (4-7). Severe neuropathic changes are also typical for Type I diabetes with many functional 

disorders associated with sensory, sympathetic and parasympathetic nerves. Cranial nerve, 
as well. 'as peripheral nerve, may be involved. Treatment of neuropathy remains 
unsatisfactory, despite normal control of glucose levels with adequate in&ulin therapy. 



' Strokes are twice as frequew; myocardial infarctions are 2-5 times as frequent and 
cardiovascular accidents are 5-1 0 times more frequent in patients with Type I diabetes than 
among ndn-diobetlc counterparts. The prognosis of patients with Typts I diabetes who 
,/* • ■ survive.acute myocardial infarction is 3 times more grave compared to non-diabetics who 
survive acute infarction and the same i$ true for other vascular complications. Severe and 
uncontrollable arteriosclerosis may also be associated with a variety of etiologies involving 

>V\ 5 - : - abnormalities in platelets, clotting factors and lipid carriers, such as HGL levels, as well as 

t?£ \ * * *.• • 

' ' * uncontrolled diabetes. 

" 

The main treatment regime for Type I diabetes involves parental administration of insulin, 
•t&!' ;i s \ ; usually spontaneously. Insulin is destroyed in the gastrointestinal tract. A common regime 
for Type 1 diabetes patients is tu inject a combination of short and intermediate acting 
insulins twice daily, before breakfast and before the evening meal. More intensive routines 
may involve multiple daily injections or continuous subcutaneous infiision of soluble 
*"*Vc * . insulin. The more intensive regime tend to provide better control of blood glucose; 

'S^-'V however they are much more intrusive to the patient's life, which can be a particular 
il^fV ' problem when treating juveniles with this condition. Furtlierraore the intensive treatment 

i \ * regimes ai'c more expenavc. 
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There are several side effects associated with treatment with insulin, the most important • • 
being hypoglycaemia. This is a common side effect, particularly of the more .intensive 
treatment regimes, which can result in severe morbidity and death. The symptoms include 
muscular weakness, incoordination, confusion and sweating. Severe hypogrycaemki can 
result in coma. Other side effects include allergy lo insulin which may produce local or 

t 

systemic reactions; loss or proliferation of fat at the sites of injection; and, rebound • 
hvpcTSlycaemia. Rebound hypcrglycacmia usually occurs after an unrecognised 
hypoglycemic attack, for example during sleep, and is caused by the release of 
counter-regulatory hormones in response to insulin-induced hypoglycemia. 

lin view of the unsatisfactory prognosis for patients with Type T diabetes, and the side 
effects which may be experienced when using insulin to control the condition, it would be . 
advantageous to have an alternative treatment which could be used instead of; or in 
combination with Insulin. The inventors have considered the use of a growth hormone 
antagonist as a possible treatment, for the condition. 

Growth hormone (Oil) is secreted by the anterior pituitary gland, under the control of the ■ 
hypothalamus. It not only regulates growth, but also has metabolic effects increasing 
protein synthesis, stimulating lipolysis, and increasing blood glucose. Tts effect? on 
carbohydrate metabolism are complex however. The somatogenic effects of GH are 
•primarily mediated by insulin like growth factor- 1. 

• t 

•' insulin dependent diabetes causes profound derangement in the GH/IGF-1 axis. In poorly 
controlled Type 1 diabetics, GH levels are invariably raised. The elevated GH levels arc 

• characterised by a greater pulse amplitude and higher baseline concentration of GH as 

compared to the levels of normal subjects- Recent studies on the signal mode of GH ■'? 
indicate' that it is the pulse amplitude rather than the increased baseline which lead to 
profound changes in insulin resistance in diabetic subjects (Pal et al., Diabetologia. in ' \ 
press). The high GH levels lead to insulin resistance and aggravate the metabolic 
abnonnalities of diabetes. GH excess has also been implicated in the aetiology of the dawn 

' phenomenon and may accelerate the development of microangiopathy including 
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proliferative retinopathy* Finally, an excessive rise in beta hydroxy buturace (BOH) caused 
by raised OH lias been observed, particularly during puberty, and is compounded, by the 
effects of Insulin waning overnight, this leads to the risk of rapid decompensation with 
diabetic ketoacidosis in adolescents with diabetes. 

Despite the elevated GH levels, IGF-Jf levels tend to be low in diabetes and this is related to 
decreased GH receptor function resulting from low levels of insulin (Holly J.M.P. et al„ 
Clin Endocrinol 29 (1988) 667-675), The lower IGF-I levels in the presence of elevated 
GH levels has been implicated in the slow growth and loss of adult height in children with 
diabetes (Salardi s. et al Arch Dis, Child, 62 (1 987) 57-62). 

The mechanism underlying the increased GH levels has been the subject of some 
controversy. In the diabetic individual hyperglycemia does not inhibit GH secretion as it 
does . in healthy individuals- and it has been proposed that this rpflccts an altered 
hypothalamic function. This altered hypothalamic function is characterised by reduced, 
somatostatin levels and resistance to the effects of somatostatin- Suppression of plasma GH 
by somatostatin analogues and pirexi2epme has led to reported improvement in metabolic 
control. However, this approach has proved inappropriate during childhood and 
adolescence when growth is rapid as it would inevitably lead to growth failure. 

• The inventors have surprisingly found that administration of a growth hormone antagonist 
hto a beneficial effect in patients suffering from Type I diabetes mellitus. 

The invention provides the use of growth hormone antagonists m the preparation of 
pharmaceutical compositions for the treatment of Type I diabetes mellltus. The 
pharmaceutical compositions of the invention may be used to teat mammalian species, hi 
particular, humans, suffering from Type I diabetes meliitus. 

Preferably the pharmaceutical composition reduces the patient's insulin requirements, in 
particular the overnight insulin requiremeiUs- 
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The growth hormone antagonist is preferably Pegvisomant (Somavert). 

Further provided by the Invention is a method of treating Type 1 diabetes mellitus 
comprising the step of admiaisterirjg a growth hormone antagonist to a patient suffering 
from Type I diabetes mellitus. The patient may he a mammal, particularly a human: 
Preferably the method of treatment reduces the patient's insulin requirements. 

The preferred growth hormone antagonist is Pegvisomant (Somavert). The method of 
treatment, preferably comprises admiirislering between Img and 20mg, more preferably 
between' Sing and Iftmg of Pegvisomant (Somavert) once daily. 

The invention will now be described in more detail by way of an example. 
Methods 

• -7 adolescents of ages ranging from 16-23, the average age being 18. HbA„ 10.0% 
(7.2-10.8) were randomized in a crossover study comparing Pegvisomant (Somavert) doses 
5 rag and 10 mg once daily by subcutaneous injection at 18.00 hours. At baseline and after • . . 

• each 3^ week treatment block subjects were admitted for an overnight variable rate insulin 
infusion (target glucose S m/mol/I,) and two-step (0.75 and 1.5 ml%Kg/Wn) . 
hyperinBulinaemic euglycaemic clamp. 

Results 

Data are expressed as mean (SEM). 

• IGF-1 levels (ngm/L) were reduced fium 214.0 (26.4) to 207.1(34.9) aAer 5 mg 
Pegvisomant (Somavert) (P=0.7) and 144.2 (26.2) after 10 mg Pegvisomant (Somavert) 
(P=0.0l). • , 
Overnight (03.00-08.00 hours) insulin requirements for euglycasmia (mTJ/Kg/mm) were 

. * 0.35(0.03) at biisclinc, 0.24 (0.04) after 5 mg. Pegvisomant (Somavert) (P-0.02) and 0,25 
(0.04) after 1-0 mg Pegvisomant (Somavert) (P=0.01). 
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Total body glucose disposal (m-value) was not altered during either step of the 
rv : /'/' ' hJTttrinsulinaeirnc clamp (08.00- 12.00 hours) by either dose of Pegvisomant (Somavort). 



A » 



McaaV-SEM Baseline Smg I0,nfi Combined 

Treatment Treatment Treatment 

• Fasting K.1F-1 (ng/mi) 214.15 7- 22.3 207.10 7- 34.9 144.24 7- 26.19 175.67 7- 32.69 

• . Ovcrnignt *J"BG Onmol/1) 5.27 7- 0.07 5.01 7- 0.04 5-58 7- 0.00 s.29 +a 0,04 

Ay : \ . Overnight Inuslin 0,35 7-0.04 0.24 7-0.01 0,25 7*0.02 0.25 7-O.GI 

• . / Requirement 
^. ' (jnU/Ka/min) 

•!'..• Ovtjrnighi Plasma lASUllti I6.4S 7- 1.1 19.24 7- 1,1 14.45 7- LI lrt.67 7-1.1 
(mli/i) 



7 
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> • . Conclusions 



Si. 



Specific GH blockade reduced JGF-I levels and overnight insulin requirements. It did not 
affect in&ulin sensitivity the next momipg, possibly became of die timing of the clamp or 
contracting effects of reductions in GH action and IOF-1 on insulin sensitivity. IrisuUn 
requiremaits were reduced by around 3 1 94. 
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Claims 



• • \, The use of a growth hormone antagonist in file preparation of a pharmaceutical 
composition far the treatment of Type 1 diabetes melUtufc. 

. 2. The use of a growth hormone antagonist in the preparation of a pharmaceutical 
:. . composition according to claim 1 for the treatment of mammals. 

3. The use of a growth hormone antagonist in the preparation of a pharmaceutical 
composition according to claim 2 for the treatment of humans. 

• 4 . Thcusco fagrowthhoimoneantag^ 
a patienrs insulin requirements. 

• 5. The use of a growth hormone antagonist in the preparation of a pharmaceutical 
fS^' : V composition according to any one of claim, 1 to 4 in which the phannaceutical 
8v£ .' V- li composition is Pegvisomant (Soniavert). 

i ' ■ . 6. A method of treating Type 1 diabetes mellitus comprising the step of administering a 

V- growth- hormone antagonist to a patient suffering from Type I diabetes mellitus. • 

W***;'. 7. A method of treating Type I diabetes mellitus according to claim 6 in. Which the patient 

.* 

fiV'-i.V isa mammal. 

^kiiv'U. 8. A method of treating Type 1 diabetes mellitus according to claim 7 in which the patient 



S^V* " ; " % is a human* 



9. A method of treating Type 1 diabetes mellitus according to any one of claims 6, 7 or 8 
' in which the growth hormone antagonist is Pegvisomant (Somavert). 
JO. A meihod of ttearmg Type I diabetes mellitus according to any one of claims 6 to 9 in 
•which the method of treatment comprises administering between Img and 20mg of 
pegvisomant (Somavert) once daily. 
||^ : *|^ , • } 1 . A method of treating Type » diabetes mellitus according to any one of claims 6 to 10 in 
W$S&/- : which the method of treatment comprises administering between 5mg and 10m S of 

i*:fti.Vj.'-."-»« •' .pegvisomant (Somavert) onee daily. 
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